The magnetization processes in amorphous ferromagnetic alloys were studied by the hyperbolic model of hysteresis. The measured hysteresis data were used for separation of the domain wall movement, domain rotation and domain wall annihilation and nucleation process during decreasing of the excitation magnetic field. The external applied tensile stress was used as a parameter. Our results show that the process of the domain rotation is the most sensitive for the applied stress. The corresponding magnetization energy decreases with increasing of the mechanical stress for all our studied samples with the positive magnetostriction coefficient.
INTRODUCTION
The using of soft ferromagnetic materials (amorphous or nanocrystalline) in industrial praxis (as cores for transformers, sensors, and so on) needs the knowledge about the mechanism of magnetization and demagnetization processes. The hysteresis models [1] [2] [3] [4] published so far are based on the separate domain wall movement with domain wall pinning coercivity and domain rotation processes working against an effective anisotropy field. This can be accepted in crystalline materials but for amorphous and nanocrystalline materials these two processes are overlapping especially in the low and intermediate magnetic fields. Such an overlapping model is proposed in [5, 6] for the splitting of the measured hysteresis loop into two contributions [5] domain wall movement (DWM) and domain rotation (DR) -and into three contributions [6] adding a third contribution -domain wall annihilation and nucleation (DWAN) to the above mentioned DWM and DR processes. We have tried to use this overlapping model for study of the magnetization processes in FeB-based amorphous ribbons magnetized under applied tensile stress.
EXPERIMENTAL
The initial "hyperbolic model" [3, 7] was further developed in [5, 6, 8, 9] . For the testing of this model we have used three types of samples. The magnetic parameters of the samples were determined by a computer-controlled magnetometer using two fluxgate type probes for measuring the stray field of the sample. The hysteresis loops were measured at room temperature under applying of stress in range from 0 to 20 MPa. The data obtained from descending branch of hysteresis loop were fitted by the formula (1) Here m is the descending magnetization, h is the applied magnetic field, A k is the amplitude of the particular magnetization process, α k is the sheering factor and a 0k is the coercivity of the k'th process [5, 6] . The parameters were obtained by fitting the experimental descending branch using the least square fitting module of Origin software. From obtained fitting parameters the partial hysteresis loops were constructed. Fig.1 shows the descending branches as a function of applied tensile stress. The inverse magnetoelastic effect is evident, the steepness of the branch increases as a function of applied stress. We have found that 3 components fit better the experimental curve than 2 components as one can follow it in Fig. 2 , where the fitting results for the non-stressed Fe 84 B 16 sample are presented.
RESULTS AND DISCUSSIONS

Fig. 2 The fitting quality obtained with two and three components
This is why, we have used for fitting calculations n=3 throughout this work taking into account all the three magnetization processes: DWM, DR and DWAN. A triplet of fitting parameters corresponds to each of these processes. In Figure 3 we present the original descending branch of the hysteresis loop together with the three constructed branches based on three triplets of fitting parameters. We assume that curve with the steepest increase to the saturation at relatively low magnetic fields represent the process of domain wall movement. The process of domain wall nucleation and annihilation is represented by the second steepest curve, saturating at a larger field. The whole range of the applied magnetic fields. These components as a function of the applied tensile stress are represented in Fig 4a, 4b , and 4c. The continuous increase of the DWM component and decrease of DR component can be observed on Fig. 4a and 4b . The DWAN component jumps to a maximal value for the smallest applied stress and then monotonously decreases with the stress. The behaviour of these components as a function of applied stress denotes the rearrangement of the domain structure along the stress induced anisotropy which is oriented along the ribbon axes for the positive magnetostrictive constant of the Fe 84 B 16 sample. For this longitudinal domain structure the role of the domain walls increases (both DWM and DWAN) and the contribution of the domain rotation decreases as one can follow the variation of the saturation values of the three components. The change of the different contributions can be followed as well by the change of the reversible energy of magnetization, E r , released at demagnetization process of the sample [10, 11] . This E r can be calculated as the area between the vertical axes and the respective component curve taken from saturation down to the remanence value. It is worth to mention that this remanence value is not evidently visible at the scale of kA/m used in Fig.4 . This energy can be taken as a measure of the stress induced anisotropy.
The change of this energy, E r as a function of stress is very characteristic for different components as can be followed in Fig.5 for different Fe-based metallic glasses. Perusal of the figures 5a, 5b and 5c reveals that out of the three components the domain rotation (DR) component is the most sensitive to the tensile stress. The other to components of the magnetization process (DWM and DWAN) are less sensitive, practically remains constant as a function of applied tensile stress.
This behaviour can be understood taking into account the stress induced anisotropy which has an easy axis along the ribbon length and increases linearly with the applied stress as [12, 13] : (2) where θ represent the angle between the local M and the direction of the applied stress and λ s is an isotropic magnetostriction coefficient. For samples with positive magnetostriction coefficient this induced anisotropy is along the ribbon axis and create domains parallel to the ribbon length. For such a longitudinal domain structure a more square-like hysteresis loop will form and the reversible energy of magnetization will decrease. Considering the three components, the two step-like DWM and DWAN components will show little area between the steep M(H) line and the vertical axis, which is hardly affected by the stress induced anisotropy, whereas the more flat DR component will show a large and decreasing reversible energy of magnetization as a function of σ. This fact justifies also the correct partition of the magnetization processes in the particular three processes.
CONCLUSION
Our study of the magnetization processes in FeB-based amorphous alloys showed that hyperbolic model is powerful tool for analysis of these processes in detail. It was clearly demonstrated the role of external stresses in the change of the partial contributions of the three components, DWM, DWAN and DR as a function of σ. The domain rotation component is mostly affected by the tensile stress, whereas the DWM and DWAN components are hardly affected in accordance with the role of the stress induced anisotropy.
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